Background/Aims: Dysregulated long non-coding RNAs (lncRNAs) can lead to the occurrence of various diseases; however, reports of the function of lncRNAs in endometriosis and related studies are scarce. The pathogenesis of endometriosis is still poorly understood. Methods: Dysregulated lncRNAs and mRNAs between eutopic and normal endometrium (both are late secretory) were analyzed by lncRNA microarray. Eight lncRNAs and mRNA CDK6 were validated prediction was used to investigate the potential function of these differentially expressed lncRNAs. Results: 789 down-regulated) and 1216 mRNAs (578 up-and 638 down-regulated) were expressed differentially between eutopic and normal endometrium. Pathway analysis and gene ontology (GO) analysis found differently expressed lncRNAs associated with the cell cycle and immune <0.0001). A coding-noncoding gene co-expression (CNC) network was constructed for these validated lncRNAs. Conclusion: These dysregulated lncRNAs might provide information for new biomarkers or novel therapeutic targets of endometriosis. AC002454.1 might induce cell cycle disorder by regulating CDK6 to participate in the pathogenesis of endometriosis.
Introduction
Endometriosis is a common, estrogen-dependent and refractory gynecological disorder able to induce multiple manifestations, including dysmenorrhea, pelvic pain, pelvic mass Wang et al.: Cellular Physiology and Biochemistry
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RNA extraction and quality control ® reagent (TaKaRa Bio Inc., Japan) according to the manufacturer's instructions. The quantity of total RNA was assessed by spectrophotometric at 280 nm (A 260 /A 280 ) and RNA integrity was observed by standard denaturing agarose gel electrophoresis.
Microarray analysis
human lncRNAs and mRNAs, which can detect 30,586 lncRNAs and 26,109 coding transcripts. The lncRNAs were constructed using the authoritative public transcriptome databases (Refseq, UCSC knowngenes, scanner (Agilent Technology part number G2505C) and raw data were extracted using Feature Extraction GeneSpring GX v12.1 software package (Agilent Technology). The microarray experiments and collection of expression data were done by KangChen Bio-tech (Shanghai, China) [16] .
QRT-PCR
Total RNA was reverse-transcribed to cDNA using a PrimeScript™ RT Reagent Kit (TaKaRa Bio Inc., Japan) according to the manufacturer's instructions. The qRT-PCR primer sequences were designed by with a LightCycler480 (Roche Applied Science) according to the manufacturer's protocol with SYBR Premix expressed as fold change using the 2 method. 
Statistical analysis
The relative expression levels of lncRNAs and mRNAs were presented as fold change using the 2 method. Fisher's exact test was used in GO analysis and pathway analysis. In the CNC network, Pearson mRNAs between eutopic and normal endometrium measured by qRT-PCR analysis. The correlation between was set at p<0.05.
Results
These 1277 dysregulaed lncRNAs were collected from authoritative public databases such as GENCODE, RefSeq, UCSC_knowngene, pseudogene, Noncoding RNA Expression Database (NRED), Ultraconserved Regions (UCR), lincRNA_Cabili [17] and lincRNA_Khalil [18 values in the microarray (Fig. 1B) . A scatter plot was used for assessing the difference of expression levels between eutopic and normal endometrium (Fig. 1C) . The statistical through volcano plot (fold change cut-off 2.0) (Fig. 1D) .
We found 1277 dysregulaed lncRNAs from the microarray. Among them, 488 lncRNAs up-regulated lncRNA is AC068282.3 (fold change 31.3) and RP11-403H13.1 is the most mRNA transcripts were different between the two groups (fold change > 2.0). Of these, 578 SCGB2A2 (fold change 178.5). We divided these differentially expressed lncRNAs and mRNAs differentially expressed lncRNAs and mRNAs are given in Table 3 and Table 4 . [19] . We detected 13 antisense lncRNAs and their overlapping coding genes and seven pairs were in a consistent direction (fold change >2) ( Table 5 ). Ørom et al. [20] found > 3000 lncRNAs with enhancer-like function in the enhancer region of the human genome. We detected 25 dysregulated enhancer lncRNAs with nearby differentially expressed mRNAs (distance < 300 -array data and we found 54 differentially expressed lincRNAs and their nearby differentially expressed mRNAs (distance <300 kb) [17] .
GO and pathway analysis GO analysis was based on enrichment of the differentially expressed mRNAs, which include three domains; biological processes, cellular components and molecular functions (Fig. 3A, B) . We found the majority of the up-regulation transcripts are about aspects of the cell cycle, including cell cycle, mitotic cell cycle, cell cycle phase, cell cycle process etc. Part of the down-regulation was associated with immune factors, including the immune system process, the cellular response to epidermal growth factor stimulus and C-C chemokine receptor activity.
Pathway analysis based on the KEGG database showed 20 and 14 pathways corresponded to up-and down-regula- 3C, D) . The cell cycle pathway was the most enriched up-regulated pathway, which contained 12 differentially expressed mRNA transcripts, and pathway, Wnt signaling pathway, TNF signaling pathway and cytokine-cytokine receptor interaction etc. are also enrichment in various degrees.
QRT-PCR validation
random (RP11-369C8.1|ENST00000554711, RP11-432J24.5|ENST00000455414, AC068282.3|ENST00000433673, GBP1P1|ENST00000513638, and SNHG1|NR_003098) and two down-regulated lncRNAs (AC007246.3|ENST00000451547 and FTX|ENST00000455395).We focused also on CDK6 (fold change 7.69), which is the most regulation antisense lncRNA is AC002454.1. We used qRT-PCR to measure each candidate lncRNA and CDK6 expression levels in 40 eutopic and 28 normal endometrium. The results were consistent with the microarray data and showed the same trend of up-or downregulation (p<0.05). However, qRT-PCR showed antisense lncRNA AC002454.1 was upregulated, whereas the microarray data suggested it was down-regulated (p 0.002) (Fig. 4) .
The CNC network
The CNC network was built for six differentially expressed lncRNAs and hundreds of differentially expressed mRNAs based on correlation analysis in the eutopic endometrium in (Fig. 5 ). There are 549 nodes in the CNC network, including six lncRNAs (ENST00000554711, ENST00000455414, ENST00000433673, ENST00000513638, ENST00000451547 and NR_003098) nodes and 543 mRNA nodes. Cellular Physiology and Biochemistry
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These nodes made 629 network pairs (398 positive and 231 negative correlations). The CNC network indicates one mRNA can be correlated with one or multiple lncRNAs. For example, ISG20 is a down-regulated mRNA in the microarray data and is associated with both RP11-369C8.1|ENST00000554711 and RP11-432J24.5|ENST00000455414 negative correlations.
Correlation analysis of AC002454.1 and CDK6 AC002454.1 is an antisense lncRNA located on human chromosome 7:92465802-92546437 next to the CDK6 mRNA, which is located on human chromosome 7: 92234234-92465941 (Fig. 6A) . Aberrant expression levels of AC002454.1 and CDK6 were obtained from the microarray assay by qRT-PCR and the expression levels of them in tissues were 0.747, p<0.0001 (Fig. 6B) .
Discussion
The pathogenesis of endometriosis is complex and multifactorial. To date, it has not been possible to explain the variety of clinical manifestations. Study of eutopic endometrium with endometriosis is important for exploring source molecular mechanisms of this disease also cause many diseases in gynecology [3, 4, 21]. A growing number of candidate miRNAs of eutopic endometrium have been found. With deeper understanding of miRNAs, lncRNAs in the pathogenesis and progression of many diseases and the regulated relationship between lncRNAs and miRNAs are cause for concern.
Recent studies have demonstrated the dysregulation of lncRNAs in the human genome can induce many diseases [12] . LncRNAs can regulate gene expression by diverse mechanisms, including transcription [22] and post-transcriptional [23] chromatin 24] . Most studies about lncRNAs are in a very early stage at present their molecular mechanisms by examining the relative position of their nearby coding gene. In recent years, the study of lncRNAs in gynecology has made rapid progress and ongoing research is providing a new direction for studying the pathogenesis of many diseases. For example, HOST2 [25] and LOC134466 [26] are known to be associated with human ovarian cancer. H19 [27] and PTENP1 [28] are expressed more highly in endometrial carcinoma. MALAT1 is involved in cervical cancer cell invasion and cell cycle progression [29] . But reports of lncRNAs as candidates for endometriosis are rare. This study revealed regulated lncRNAs at random and measured their relative levels of expression by qRT-PCR.
pathway and its neighboring antisense lncRNA is AC002454.1. In our results, most of them were consistent with the microarray data. There are smaller differences of expression of lncRNAs detected by qRT-PCR compared to the microarray data. Microarray analysis sensitivity of this method, its credibility is limited. The low number of two groups of samples used for the microarray analysis might limit the microarray results and these patients could have individual differences. Candidate target transcripts need to be validated with more the validated results [30 mRNAs in endometriosis, including S100P [31] , TNFSF10 [32] , IL-11 [33] These lncRNAs are expressed differently in ectopic, eutopic and normal endometrium. Therefore, study of these lncRNAs in the pathogenesis of endometriosis will be the target of more research. We also found some new mRNAs with strongly different expression in direction for future research into the mechanism underlying endometriosis. Pathway analysis is the best choice for obtaining insight into the underlying function of dysregulated genes [36] . GO and pathway analysis can suggest what changes in gene function and which are changes of cellular pathways in the eutopic and normal endometrium. GO analysis found differently expressed transcripts associated with the cell cycle and immune regulation. In the mechanism of endometriosis, abnormal immune function has become a consensus [37, 38] . The source of the molecular mechanism leading to immune escape has been one direction of exploration. This research undoubtedly provides a new clue. In addition, the role of cell cycle disorders in the occurrence and development of endometriosis is a new focus for study of the pathogenesis of endometriosis. Delayed and incomplete transition from the proliferative phase to secretory phase is a feature of eutopic endometrium of women with endometriosis. There is a greater ability for cell proliferation of the eutopic endometrium with endometriosis compared to the control eutopic endometrium [4] . Retrograde menstruation of late secretory endometrium with high proliferation ability makes it easier to form ectopic lesions. The eutopic endometrium can have malignant-like behaviors, including abnormal proliferation, cell metastasis or invasion ability because of some genes with dysregulated expression that can regulate the cell cycle. Some workers are seeking genes that can regulate the cell cycle to inhibit abnormal proliferation of endometrium cells as treatment of endometriosis. For example, AMH was able to decrease the percentage of cells in S phase and increase the percentage in G1 and G2 phase [39] . GPER1 induced endometriotic stromal cell cycle arrest and accumulation in the sub-G1 phase, which can suppress proliferation and induce apoptosis [40 cycle, consistent with characteristics of the secretory eutopic endometrium cells in a state of continuous proliferation. In dysregulation of mRNAs of the cell cycle pathway, there is a high level of expression of CDC6 (fold change 2.16), which belongs to the AAA+ family of ATPases. The main function is to regulate the initiation of DNA replication and normal mitosis. Sideridou et al. [41] reported CDC6 can repress the transcription of E-cadherin, reduce cell connection and induce loss of cell polarity. CDC6 also serves as an important driver for epithelial-mesenchymal transition and cancer development. The expression of CDC6 was increased in the peritoneum of patients with endometriosis [34] . Therefore, CDC6 might be one of the candidate genes of endometriosis and its action might be related to the theory of epithelial-mesenchymal transition. A biology prediction method found CDC6 and the miReutopic and ectopic endometrium of women with endometriosis [42] . MiRNAs can regulate the expression of lncRNA negatively or positively [43] LINC00313 is a kind of lncRNA. Its transcript-006 was down-regulated in our microarray (fold change 3.96). We used a biology prediction method based upon the CLIP-Seq experimental data (http://starbase.sysu.edu. cn/) and found LINC00313 transcript-006 and miR-199a-5p have binding sites (accession number GSE42701), which adds credibility to this study. MiR-199a-5p, LINC00313 and CDC6 might have important regulation relationships. They might be of importance to the occurrence and development of endometriosis, which warrants further in-depth study. In addition, several pathways have been proven associated with endometriosis, for example, the MAPK pathway, the cytokine-cytokine receptor interaction pathway and Wnt signaling pathway etc.
nucleotide sequences. We can use CNC network analysis to identify mRNAs and lncRNAs pathways or diseases through these mRNAs and, thus, predict the function of lncRNAs. We [46] . The expression of CREB1 was increased in the peritoneum of patients with endometriosis [34] . Therefore, the CNC network results further verify the reliability of the microarray analysis.
in the cell cycle pathway. CDK6, an oncogenic kinase that can regulate the cell cycle [47] , is important for cell cycle G1 phase progression and G1/S transition. This kinase has been shown to phosphorylate downstream tumor suppressor protein pRb. Phosphorylation of pRb leads to the release of E2F transcription factors and induction of the expression of genes necessary for cell cycle progression. CDK6 was also over-expressed in erythroid cells [48] and in gastric cancer [49] . Otto and Sicinski [50] reported CDK6 can control the formation of blood vessels VEGF-A, which can stimulate the formation of new blood vessels by endothelial cells. This function of CDK6 is unrelated to its kinase activity. The formation of new blood vessels was also key to endometriosis. AC002454.1 is an antisense lncRNA located on human chromosome 7:92465802-92546437 next to the CDK6 mRNA, which is located on human chromosome 7: 92234234-92465941, and they have 139 nucleotides complementarity. In our study, aberrant expression levels of AC002454.1 and CDK6 obtained by qRT-PCR and the expression and regulate protein coding genes positively or negatively. Sense RNAs and their antisense lncRNAs can form RNA duplexes by nucleotides complementarity. For example BACE1 and its antisense lncRNA BACE-AS have 104 nucleotides complementarity. The complementarity of BACE1 and BACE-AS increases the stability of BACE1 mRNA [19] . According to the relative position relations between antisense lncRNA and their sense partners in our genome, they genes align together [19] . Combination of the two complement parts might form an lncRNAmRNA double chain involved in maintaining the stability of CDK6 mRNA and heighten its level of protein expression and enhance the proliferation and angiogenesis of endometrial cells in cell cycle disorders. We suggest AC002454.1 might affect CDK6 expression levels, leading to cell cycle disorder and they can participate together in the pathogenesis of endometriosis. This is an interesting line of study, however, the function of lncRNAs in endometriosis and related studies is not known. Attention has increased gradually in cell cycle disorder in the pathogenesis of endometriosis. CDK6 is important in regulation of the cell cycle network but there is little evidence available about the effect of CDK6 dysregulation on endometriosis. AC002454.1 regulation of CDK6 might be one of the important molecular mechanisms of higher cell proliferation rates of secretory phase eutopic endometrium with endometriosis. Hence, investigation of how AC002454.1 regulates the expression of CDK6 could be important. Our group has started to study the overall effect and mechanism of AC002454.1
